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ASSAY TO DETECT HCV RECEPTOR BINDING.

Field of the Invention

5 The present invention relates to an assay to measure binding

of hepatitis C virus (HCV) receptor binding ligand, such as

HCV proteins, to a target cell receptor- The assay may be

used to evaluate vaccine candidates and to identify and

measure HCV neutralising antibodies both for research

10 purposes and clinical applications where diagnosing the

presence of neutralising antibodies may have a prognostic

value in clinical management.

The invention also relates to identifying and characterising

15 the receptor for HCV which will facilitate the

identification and screening of antivirals that interfere

with receptor interaction.

Brief Description of the Prior Art

20

Hepatitis C virus (HCV - previously known as Non-A Non-B

hepatitis - NANBV) has become a major health problem world-

wide, since 1-2 % of the population is chronically infected

with HCV ( 1 ) . Infection is mostly asymptomatic and

25 resolution occurs in a minority of cases, since 80 to 100 %

of the infected individuals become lifelong carriers (2) and

chronic hepatitis develops in the majority of these cases

(3).

30 HCV is a positive sense RNA virus of about 10000 nucleotides

with a single open reading frame encoding for a polyprotein

of about 3000 amino acids. Although the structure of the

virus has been elucidated by recombinant DNA technigues

(17,18), the virus itself has not been isolated and the

35 functions of the various viral proteins produced by

proteolysis of the polyprotein have only been inferred by

analogy with other similar viruses of similar genomic

organisation.
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The viral proteins are all available in recombinant form,

expressed in a variety of cells and cell types, including

yeast, bacteria, insect and mammalian cells (5,10)

5

Two proteins, named El and E2 (corresponding to amino acids

192-383 and 384-750 respectively) have been suggested to be

external proteins of the viral envelope (5) which are

responsible for the binding of virus to target cells.

10

We have devised a method for identifying cells carrying a

putative HCV receptor and assay techniques for detecting

and quantifying the binding of HCV receptor-binding ligands

to the receptor. The technique has a wide range of

15 applications and utilities.

A first step in designing an HCV vaccine is the

identification of the components involved in protective

immunity. At present, little is known on the role the immune

20 response plays in the course of HCV infection.

The identification of HCV receptor target cells facilitates

the characterisation of the HCV receptor itself and provides

an important component in the development of assays for

25 binding of HCV receptor-binding ligands to HCV receptor

target cells. Such assays may be used in the diagnosis of

neutralising antibodies in individuals, the rapid screening

of antiviral compounds which interfere with receptor binding

and the development of vaccines.

30

In a passive immunization study in chimpanzees, HCV

infection has been prevented after in vitro neutralization

with plasma of a chronically infected patient (6). However,

the assessment of protective antibody responses to HCV has

35 been hampered by the absence of a neutralization assay in

vitro. Since HCV does not grow efficiently in cell cultures,

attempts have been made (7 f 8) to set up neutralization tests

that estimated HCV binding to target cells. . However , the
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available tests are based on the detection of bound virus by

PCR, with obvious shortcomings such as the difficulties in

quantitating neutralizing antibodies and problems in

obtaining accurate reproduction of RT-PCR testing.

5

The invention also relates to a quantitative test (named

Neutralisation Qf binding or N.O.B.) to estimate HCV

neutralizing antibodies which is based on the

cytofluorimetric assessment of sera that neutralize the

0 binding of HCV envelope proteins to human cells.

Summary of the Invention

According to a first aspect of the present invention, there

5 is provided an assay for measuring the binding of an HCV

receptor-binding ligand to an HCV receptor target cell

comprising the step of measuring the binding of an HCV

receptor-binding ligand or a competitive binding analogue

thereof to a HCV receptor target cell*

Preferably, binding of the HCV receptor-binding ligand or

the HCV receptor-binding ligand analogue is detected by

labelling bound species and employing a detection system

capable of distinguishing between free HCV receptor target

cells and bound HCV receptor target cells.

Preferably, the detection system is flow cytometry, more

preferably flow cytofluorimetry. In this case, bound

species carry a fluorescent label and physical cell

separation occurs between labelled and unlabelled cells.

The first aspect of the invention provides a sensitive and

fast assay for the ability of a possible HCV receptor-

binding ligand to bind to an HCV receptor target cell and

facilitates ready screening of possible HCV receptor-binding

ligands. Such possible HCV receptor-binding ligands may

have utility as antiviral agents or as possible vaccine or

assay reagent candidates.
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The assay may be a direct binding assay, measuring directly

the binding of a HCV receptor-binding ligand to an HCV

receptor target cell or may be a competitive assay in which

5 HCV receptor-binding ligand to be measured in a sample

competes for binding with an HCV receptor-binding ligand

analogue and the amount of HCV receptor-binding ligand

analogue is measured.

10 In a direct binding assay, the assay steps comprise

i) admixing HCV receptor target cells and a sample to be

tested for the presence of HCV receptor-binding ligand

to permit binding of any HCV receptor-binding ligand

15 with the HCV receptor target cells

ii) removing unbound HCV receptor-binding ligand

iii) admixing with a detectable antibody capable of binding

20 to the HCV receptor-binding ligand to label those HCV

receptor target cells which have bound HCV receptor-

binding ligand, and

iv) detecting the amount of labelled HCV receptor target

25 cells.

The detectable antibody may be directly labelled or may be

detectable by adding a labelled ligand such as an antibody,

suitably one specific for the fixed region of the detectable

30 antibody.

The label may be any label capable of directly or indirectly

indicating the presence of the label. Preferably, however,

the label is a fluorochrome suitable for use in flow

35 cytometry. Suitable such labels include fluorescein-

isothiocyanate (PITC), phycoeriphrine (PE) and Texas Red.

The labelled ligand might be any other ligand capable of
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binding specifically to the detectable antibody. For

example , the detectable antibody might itself have

covalently-linked blotin and the labelled ligand might be

streptavidin

.

The detectable antibody may be, for example , a human, rabbit

or mouse immunoglobulin such as IgG and the labelled

antibody may be a labelled anti-human, anti-rabbit or anti-

mouse antibody.

The detectable antibody or the second labelled antibody may

a polyclonal or monoclonal antibody. In either case the

antibody may be a binding fragment of an antibody, such as

a F(ab') fragment. The monoclonal antibody may be produced

by a cell fusion technique or by a recombinant DNA technique

such as humanisation or CDR grafting.

In the described example, the detectable antibody is a

polyclonal antibody (e.g. rabbit serum) raised against the

HCV receptor-binding ligand in an immunised animal host and

the second, labelled, antibody is an anti-animal host (e.g.

anti-rabbit IgG) antibody labelled with FITC. Preferably

however the detectable antibody is a monoclonal antibody.

A control amount of antibody of the same type as the

detectable antibody may be added in a parallel experiment as

a control. The control amount may be for example a pre-

immune serum.

In an indirect binding assay, the assay steps comprise

i) admixing HCV receptor target cells, a sample to be

tested for the presence of HCV receptor-binding ligand

and a limiting amount of an HCV receptor-binding

ligand analogue to permit competition for binding to

the HCV receptor target cells,

ii) renoving unbound HCV receptor-binding ligand
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iii) admixing with a detectable antibody capable of binding

to the HCV receptor-binding ligand to label those HCV

receptor target cells which have bound HCV receptor-

5 binding ligand, and

iv) detecting the amount of HCV receptor target cells

bound to the HCV receptor-binding ligand analogue.

10 In either case, the amount of labelled HCV receptor target

cells may be detected by providing a fluorescent label and

performing cell separation using flow cytometry.

According to a second aspect of the invention, there is

15 provided an assay for measuring neutralisation of an HCV

receptor binding ligand arising from the binding of a

neutralising antibody to an HCV receptor binding ligand

(referred to above as an NOB assay) comprising the steps of:

20 i) admixing HCV receptor target cells, a HCV receptor-

binding ligand and a sample to be tested for the

presence of an HCV neutralising antibody

25

30

ii) removing unbound HCV receptor-binding ligand,

iii) admixing with a detectable antibody capable of binding

to the HCV receptor-binding ligand to label those HCV

receptor target cells which have bound HCV receptor-

binding ligand, and

iv) detecting the amount of HCV receptor target cells

bound to the HCV receptor-binding ligand.

In this assay, HCV receptor target cells and HCV

35 neutralising antibodies compete for binding to the HCV

receptor-binding ligand.

The second aspect of the invention provides a sensitive and
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fast assay for identifying antibodies capable of impairing
the binding of HCV to HCV receptors. Such antibodies are
likely to neutralise the virus and to be one of the

effective responses of the immune system arising from a

5 successful immunisation- The level of neutralising
antibodies is therefore indicative of the degree of success
of an immunisation protocol and neutralising antibodies may
themselves be useful as the active principle in

pharmaceutical preparations for passive immunisation.
10

The assay of the second aspect of the invention may also

provide a sensitive assay for detecting HCV antibodies in a

sample as a method of diagnosis of existing or previous HCV
infection. Preferably therefore the sample is a sample from

15 a patient and the invention provides a method for diagnosing
an existing or past infection with HCV comprising conducting
the assay of the second aspect of the invention on a sample

removed from patient.

20 We have discovered in chimpanzees immunised with E1/E2

produced in HeLa cells that there is a perfect correlation

between the presence of neutralising antibodies and

protection from a subsequent challenge with homologous HCV.

Since the animals with the highest titre remained completely
25 free of virus, we assume that the antibodies are

neutralising antibodies induced by the vaccination.

Effective neutralisation titres are still present one year

after the third boost. Low titres are followed by mild

infection which unlike controls was resolved by vaccination.

30

The capability for measuring neutralising antibodies thus

permits diagnosis of past or present HCV infection and has

a prognostic value in the treatment of infected patients.

35 The present assay permits the characterisation of

neutralising antibodies and may be used directly as an assay

on patient samples or may be used to validate and test

reagents for the development of sensitive assays .suitable
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for use in the routine clinical environment. Such assays

would include for example enzyme-labelled assays,

particularly ELISA

.

5 The assay of the second aspect of the invention may also be

useful in identifying a panel of antibodies capable of

binding to the HCV receptor enabling mapping of the receptor

on HCV receptor target cells.

10 Finally, the assay of the second aspect of the invention may

be useful in determining cross-reactivity between antibodies

to HCV external proteins from different HCV genotypes.

The reagents used in the second aspect of the invention may

15 be as described in the first aspect of the invention and the

protocols applied mutatis mutandis.

According to a third aspect of the present invention, there

is provided a method for identifying HCV receptor target

20 cells in a sample of cells comprising the steps of:

i) admixing the sample of cells and an HCV receptor-

binding ligand to permit binding of any HCV receptor-

binding ligand with any HCV receptor target cells in

25 the sample

ii) removing unbound HCV receptor-binding ligand,

iii) admixing with a detectable antibody capable of binding

30 to the HCV receptor-binding ligand to label those HCV

receptor target cells which have bound HCV receptor-

binding ligand, and

iv) detecting the amount of labelled HCV receptor target

35 cells.

The reagents used may be as described in the first aspect of

the invention and the protocols applied jnutatis mutandis.
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The method of the third aspect of the invention provides a

rapid screening technique for cells carrying an HCV

receptor. The method may therefore be used to produce the

5 HCV receptor target cell of the first and second aspects of

the invention or to produce HCV receptor target cell

populations for subsequent analysis and in particular

characterisation of the nature and form of the HCV receptor
for the purposes of further refining and improving available

10 HCV receptor-binding ligands.

The invention also encompasses products produced or

identified using the assays and methods of the invention,

including HCV receptor-binding ligands identified using the

15 assays of the invention and vaccine compositions including

same. Any development programme involving an assay or

method of the present invention falls within the scope of

protection sought by this application.

20 As used herein, the term "HCV receptor target cell" refers

to a cell or cell population capable of binding at least one

HCV protein. Suitably, the HCV receptor target cell

contains at least one HCV protein receptor.

25 As used herein, the term "HCV receptor-binding ligand"

refers to any ligand capable of binding to an HCV receptor.

The HCV receptor-binding ligand preferably comprises one or

more HCV polypeptides and/or one or more fragments of an HCV

polypeptide capable of binding to an HCV receptor. The HCV

30 receptor-binding ligand may be a polypeptide unrelated to

HCV yet capable of binding to an HCV receptor. Suitably the

HCV receptor-binding ligand is a recombinant HCV protein or

a fragment thereof. Such HCV receptor-binding ligands are

disclosed in European patent applications EP-A-0318216 and

35 EP-A-0 388232. Most preferred are HCV external proteins El

and E2 or functional equivalents and fragments thereof which

retain the ability to bind to an HCV receptor target cell.
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Alternatively, the HCV receptor-binding ligand nay be non-

polypeptide chemical compound capable of binding an HCV

receptor. The non-polypeptide chemical compound may be a

chemical analogue of a receptor-binding polypeptide,

5 retaining the receptor-binding epitope.

As used herein, the term "HCV receptor-binding ligand

analogue" refers to an analogue of an HCV receptor-binding

ligand which is capable of cross-reacting with the HCV

10 receptor-binding ligand for binding to the HCV receptor

target cell but is distinguishable from the HCV receptor-

binding ligand using the assay detection system. Suitably

therefore, the HCV receptor-binding ligand analogue is

labelled preferably with a fluorescent label either directly

15 or by the further binding of a labelled ligand such as an

antibody.

As used herein the term "polypeptide" refers to a sequence

of two or more amino acids comprising at least one peptide

20 bond. The amino acids in the sequence may be naturally

occurring amino acids or may be synthetic analogues or

wholly synthetic amino acids in any mixture or ratio. The

term "polypeptide" encompasses generically proteins and

modified polypeptides such as naturally or chemically

25 modified polypeptides, including glycoproteins.

As used herein, the term "HCV neutralising antibody" refers

to an antibody capable of reducing the interaction between

an HCV receptor-binding ligand and a HCV receptor target

30 cell. Preferably the HCV receptor-binding ligand is a

native HCV protein. Preferably the HCV neutralising

antibody completely prevents binding of a native HCV protein

to HCV receptor target cells. HCV neutralising antibodies

may be monoclonal antibodies (produced, for example by the

35 Kohler and Milstein technique of cell fusion or by

recombinant DNA techniques such as humanisation and CDR

grafting) but are preferably polyclonal antibodies, most

preferably antibodies produced by the immune . system of an
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immunised host.

Brief Description of the Drawings

5 Figure 1 is a schematic diagram illustrating the first

aspect of the invention in which HCV receptor-binding

ligands bind to receptors on HCV receptor target cells and

are measured by first binding rabbit anti-HCV antibody and

then by binding a labelled anti-rabbit IgG-FITC F(ab')

10 fragment prior to cell separation by FACScan analysis (See

page 14)

.

Figure 2 is a representation of the results of flow

cytometry experiment describing the differential binding of

15 HCV recombinant envelopes expressed in various systems to

human cells. Molt-4 cells incubated with medium alone are

shown as hatched curves and the open curves represent cells

incubated with 5 jig/ml of the indicated HCV recombinant

envelopes (See page 16).

20

Figure 3 shows the binding of E2 expressed in CHO cells to

human cells (See page 16).

Figure 4 is a schematic diagram illustrating the second

25 aspect of the invention in which a neutralising antibody

prevents an HCV receptor-binding ligand binding to the

receptor on a HCV receptor target cell (see page 17).

Figure 5 shows neutralisation of the binding of £2 to target

30 cells by antibodies to the hypervariable region 1 of HCV E2

(see page 19)

Figure 6 shows the neutralisation of E2 binding by HCV

target cells by vaccinated chimpanzee sera, demonstrating

35 the correlation between protection and the presence of

neutralising antibodies (see page 19).

Detailed Description of the Invention
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The practice of the present invention will employ, unless

otherwise indicated, conventional techniques of immunology

,

cytof luorimetry and molecular biology, which are within the

5 skill of the art- Such techniques are explained fully in

the literature (19).

The skilled person will understand and be familiar with the

general methods and techniques of assay design and practice.

10 The invention is described herein in sufficient detail for

the skilled person to understand and repeat the experiments

disclosed.

It will be understood by the skilled person that alterations

15 of the conditions may be necessary to optimise the assay for

given HCV receptor-binding ligands, HCV receptor target

cells and antibodies.

Standard abbreviations for virus and proteins are used in

20 this specification. All publications, patents and patent

applications cited herein are incorporated by reference.

Envelope 1 (El) and Envelope 2 (E2) of HCV refer to the

proteins, and fragments thereof, the nucleotide sequence of

which are published (17,18). The nucleotides of the El and

25 E2 genes and of the encoded proteins vary in different HCV

isolates. Therefore, the El and E2 for any HCV isolates are

identified because included in the amino acid sequences 192-

383 and 384-750 respectively.

30 El and E2 have been produced by recombinant DNA techniques

using different expression systems (5,10).

General Materials and Methods

was
35 Cells. The human T-cell lymphoma cell line, Molt-4

obtained from ATCC (Rockville, MD) . Cells were expanded with

RPKI 1640 (Gibco Laboratories, Grand Island, NY) medium

supplemented with 2 mM L-glutamine, 1 % nonessential amino
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acids, ImM sodium pyruvate, penicillin (100 units / ml),

streptomycin (100 / ml), and 10 % (vol / vol) Foetal calf

serum (FCS, Gibco)

5 Recombinant envelope proteins The glycoproteins E1/E2

were expressed in HeLa or CHO cells, extracted and purified

as described (5,9). E2
J<4 715

was expressed and secreted from

recombinant CHO cells as described for the truncated E2 #41

(5). For purification of CHO/E2, CHO cells conditioned media

10 was concentrated 15 fold by ultrafiltration, followed by a

further 10 fold volume reduction by ammonium sulphate

precipitation at 75% saturation, and redissolution into 25

mM Tris-Cl, 1 mM EDTA, pH 7.5; the monoclonal antibody

5E5/H7 (specific for CHO/E2) was purified and coupled onto

15 CNBr-activated Sepharose. The antibody column was

equilibrated in 25 mM Tris-Cl, 0.15 H NaCI, pH 7.5. The

ammonium sulphate precipitated E2 was dissolved in 25 mM

Tris-Cl, 1 mM EDTA, pH 7.5, and loaded onto the column. The

column was washed with PBS plus 1-M NaCI, and then eluted

20 with 3-4 column volumes of Actisep (Sterogene Inc., Arcadia,

CA). All of the yellow-coloured Actisep containing fractions

were pooled, concentrated in a stirred cell ultrafilter and

diafiltered into PBS buffer. E2
Jt4_7X9

was expressed and

secreted from recombinant Baculovirus (BV) infected cells as

25 described (10). For purification of BV/E2, conditioned

medium from insect cells was loaded onto a column of GNA

lectin agarose (Vector Laboratories, Burlingame, CA). The

column was then washed with PBS plus 0.9 M NaCI, and eluted

with 1 M methyl D-mannoside in PBS plus 0.9 M NaCI. The

30 eluate was dialysed against 20 mM potassium phosphate, pH 6,

at 4*C. The precipitate, containing mostly contaminants,

was removed by centrifugation, and the supernatant loaded

onto a column of S-Sepharose Fast Flow (Pharmacia, Uppsala,

Sweden) equilibrated in 20 mM potassium phosphate, pH 6.

5 The E2 protein was eluted with a gradient to 0.25 M NaCI in

20 mM potassium Phosphate, pH 6. For expression and

secretion from yeast of E2 384-715, we used the

Saccharomyces cerevisiae strain S150-2B and the secretion
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30

vector YEpsecl (11). E2 is secreted as a core glycosylated

peptide of 55 KDa. Yeast/E2 was purified by affinity

chromatography using a lectin column and the same procedure

used for purification of BV/E2 (10). After purification, all

5 the HCV envelope proteins were > 80% pure. ELISA for all

antigens were performed according to published procedures

(10).

Sera and monoclonal antibodies (mAbs). Rabbit polyclonal

10 antiserum specific for all the envelope proteins described

above and sera from chimpanzees that have been immunized

with HeLa E1/E2 or with a combination of Yeast/El„^„0
and

BV/E2 4C4^41 (9) were obtained. The monoclonal antibody 291

(IgGl) was obtained from mice immunized with CH0/E2 and

15 screened for the ability to recognise E2 bound to target

cells. A synthetic peptide consisting of HCV-1 amino acids

384-414 (E2 hypervariable region 1, HVR1) was coupled

through the amino terminal residue to Diphtheria toxoid and

used to immunize mice. The mAbs resulting from the fusion

20 were screened by Elisa with overlapping biotinylated 8mer

peptides from amino acid 288 to 487 on streptavidin coated

plates. An IgGl mAb (1G2A7) was isolated which recognise in

ELISA the epitope 384-414.

25 Example l - Binding Assay

A schematic representation of a binding experiment is shown

in Figure 1 which shows the separation achieved by flow

cytometric analysis.

An experiment was performed with the aim of measuring the

ability of HCV protein to bind to various cell types which

should have the putative HCV receptor.

35 Experimental Protocol

indirect innunofluorescence experiments were performed to

assess the ability of HCV envelope proteins to bind to Molt-
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4 cells, which is a human T-cell lymphoma that has been

reported to allow a low level of HCV replication in vitro

(13).

5 Cells (10
ft/well) Molt-4 were pelleted in 96 U-bottom

microplates by centrifugation at 200 x g for 5 min at 4*C.

20/il of HCV proteins diluted in PBS at different

concentrations (from 10 pg/ml to 0.001 jig/ml) were mixed

with the pellet of Molt-4 cells and incubated at 4*C for 1

10 hr. Non-bound HCV proteins were removed by two

centrifugations in PBS at 200 x g for 5 min at 4*C. Cells

were subsequently incubated for 30 min at 4*C with various

dilutions of sera from humans, chimpanzees, or rabbits that

had been either infected with HCV or immunized with HCV

15 recombinant proteins; where possible, the corresponding pre-

immune sera were used as control* The cells were washed

twice in PBS and incubated for 30 minutes with the

appropriate dilution of fluorescein-isothiocyanate-

conjugated antiserum (either to human IgG or rabbit IgG)»

20

Cells were subsequently washed in PBS at 4
#
C, resuspended

in 100 pi PBS and cell-bound fluorescence was analysed with

a FACScan flow cytometer (Becton Dickinson, Mountain View,

CA). By using a dot: plot display of forward and side

25 scatter, the machine is gated to include viable single cells

and to exclude cell debris and clumps of cells. A total of

5000 events is collected and analyses of the data is done by

using the Lysis II software program from Becton Dickinson.

This program produce histograms of each cell sample and

30 calculates the mean channel fluorescence of the cell

population, which directly relates to the surface density of

fluorescently labelled HCV proteins bound to the cells. Mean

fluorescence values (mean channel number) of cells incubated

with or without HCV proteins and with immune or preimmmune

35 sera were compared. The threshold for positivity is set for

each experiment by flow cytometric analysis of cells without

HCV proteins bound which have been incubated with antisera

to HCV proteins and the FITC labelled second antibody.
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The experiment described above shows that binding of E2 to

target cells is measurable and has high affinity.

5 An experiment was conducted to compare the ability of

different HCV proteins expressed in various systems to bind

various cell types possessing an HCV receptor.

Cells were incubated with HCV recombinant envelopes (E1/E2

10 or E2) , expressed either in yeast, insect cells or mammalian

cells (HeLa or CHO) , and subsequently incubated with

polyclonal sera from rabbits that have been immunized with

the corresponding recombinant proteins. After incubation

with FITC-conjugated antiserum to rabbit IgG, the binding of

15 HCV proteins was indirectly detected by flow cytometry as

cell-bound fluorescence.

The representative experiments in Figure 2 show that

recombinant E1/E2 or E2 expressed in mammalian cells, but

20 not in yeast, can bind human cells, whereas E2 expressed in

insect cells has a low, but detectable binding. Identical

data were also obtained using as target cells

hepatocarcinoma cell lines or freshly purified human B

cells.

25

After incubation of the target MOLT-4 cells with increasing

concentrations of E1/E2 or E2, it was found (Figure 3A) that

the binding of E2 expressed in mammalian cells plateaued at

a concentration of 10 pg/ ml.

30

Since this binding is saturable, the affinity of recombinant

E2 for its putative receptor could be estimated using the

double reciprocal plot method previously described for the

calculation of the affinity of hapten-antibody interaction

35 (14). In Figure 3B, the estimated affinity is expressed as

Kd and it is equal to the reciprocal of the free E2

concentraticn at which half the concentration of E2 is bound

to its puta-ive receptor. In the y-axis, the neat mean
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fluorescence intensity values for each concentration of E2

was calculated by subtracting the mean fluorescence obtained

with rabbit anti-E2 serum and FITC-goat anti-rabbit in the

absence of E2 from that obtained in the presence of E2. The

5 neat mean fluorescence intensity (y-axis) and the E2

concentration (x-axis) were plotted as reciprocal values*

The Kd of E2 for target cells is about 10"°M leading to the

conclusion that E2 is probably the protein responsible for

10 the specific binding of the E1/E2 complexes to target cells.

Example 2 ~ Neutralisation Assay

A schematic representation of a neutralisation assay

15 according to the invention is shown in Figure 4,

Experimental Protocol

Cells (lOVwell) from were pelleted in 96 U-bottom

20 microplates by centrifugation at 200 x g for 5 min at 4
#
C.

20/il of CH0/E2
7l5 (0.5 fig/ml PBS) were mixed with various

dilutions of sera from humans , chimpanzees or rabbits that

are either infected with HCV or have been immunized with HCV

recombinant proteins. After incubation at 4*C for 1 hr,

25 Molt-4 cells were added and incubated for 1 hr at 4*C. Non-

bound HCV proteins and antibodies were removed by two

centrifugations in PBS at 200 x g for 5 min at 4
#
C. Cells

were subsequently incubated for 30 min at 4*C with 1/100

dilution of sera, from the same species of the neutralizing

30 serum, from animals that have been immunized with HCV-

envelope recombinant proteins or the corresponding pre-

immune sera as control. Revealing the binding with

antibodies from the same species of the neutralizing serum

is critical, since non-neutralizing anti-E2 antibodies could

35 cover E2 after it is bound to target cells and could

therefore interfere with assessment of neutralization if the

binding were revealed with an anti-E2 serum from a different

species. The cells were washed twice in PBS and incubated
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for 30 min with the appropriate dilutions of FITC-con jugated

antiserum to IgG. Cell-bound fluorescence is analysed as

described for the binding assay above.

5 This technique is very helpful to measure cross-

neutralisation of antibodies to HCV envelope proteins from

various HCV genotypes. For instance, antibodies raised

against envelope proteins from HCV genotype 1A can be

assessed for their ability to neutralise binding of Envelope

10 proteins from HCV genotype lb, 2, 3 etc.

Antibodies to the E2 Hypervariable Region Neutralise Binding

An experiment was conducted to test whether the binding

15 measured according to Example 1 is neutralisable with

antibody to E2. Rabbit polyclonal antisera specific for the

recombinant E2 expressed in CHO cells, was assessed for

ability to neutralize binding of E2.

20 E2 (at concentration of 0.5 vg/ml ,i. e., the Kd) was mixed

with serial dilutions of the rabbit antisera. The E2-

antibody mixture was then incubated with target cells, and

the binding of E2 was subsequently detected. It was shown

that sera from rabbits immunized with E2 expressed in

25 mammalian cells can neutralize binding of E2 to target

cells.

Since for other viruses, epitopes able to induce

neutralizing antibodies have been located in regions showing

30 a high degree of variability, further experiments

investigated whether a mAb against the HCV-E2 hypervariable

region l(aa 384-414) neutralized binding of E2.

CHO/E2 was preincubated with the indicated concentrations

35 of the purified mAb (1G2A7) specific for HCV-E2

hypervariable region 1 (HVR1). The antibody-E2 mixture was

then incubated with Molt-4 cells and the binding was

revealed using monoclonal antibody 291 which recognises E2
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bound to target cells. Mean fluorescence intensity (MFI)

values in the absence of neutralizing mAb (positive
control), in the absence of E2 (negative control) and in the
presence of E2-antibody complexes (experimental values) were

5 measured and specific neutralization was determined
according to the equation: Specific neutralization = x 100

[( positive control MFI - experimental MFI) >/ (positive

control MFI - negative control MFI) J. The results are
presented in Figure 5.

10

Figure 5 shows that the HVR1 specific mAb can neutralize,

though not completely binding of E2 demonstrating that
binding of E2 is at least in part mediated by hypervariable

regions.

15

Antibodies that neutralize binding of HCV envelope correlate
with protection from infection

It has been shown that vaccination with recombinant envelope

20 proteins expressed in mammalian cells (HeLa), but not in

yeast or insect cells, could protect chimpanzees from

primary infection by an homologous HCV isolate (9).

To investigate whether the binding, and subsequent

25 neutralization, of E2 were relevant to the binding of HCV to

target cells, the neutralizing titres present in the sera of

chimpanzees vaccinated and protected from subsequent

challenge were compared with the sera from chimpanzees

immunized but susceptible to HCV challenge.

The results are depicted in Figure 6 in which the results

for each chimp were as follows:

30

Chimp:

35 Vaccine: HELA E1/E2

Protected

1/37900

1/49

559

Outcome:

Anti-El/E2 ELISA Titre:

Anti-E2 HV ELISA Titre:
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50% Neutralisation Titre: 1/3500

Chimp:

Vaccine:

Outcome

:

Anti-El/E2 ELISA Titre:

Anti-E2 HV ELISA Titre:

50% Neutralisation Titre

357

HELA E1/E2

Protected

1/25900

1/30

1/2500

10 Chimp:

Vaccine:

Outcome

:

Anti-El/E2 ELISA Titre:

Anti-E2 HV ELISA Titre:

15 50% Neutralisation Titre:

534

HELA E1/E2

Protected

1/22300

1/64

1/600

20

Chimp:

Vaccine:

Outcome

:

Anti-El/E2 ELISA Titre:

Anti-E2 HV ELISA Titre:

50% Neutralisation Titre

653

HELA E1/E2

Protected

1/8700

ND

1/1500

25

30

Chimp:

Vaccine:

Outcome

:

Anti-El/E2 ELISA Titre:

Anti-E2 HV ELISA Titre:

50% Neutralisation Titre

Chimp:

Vaccine:

Outcome

:

Anti-El/E2 ELISA Titre:

470

HELA E1/E2

Infected but resolved

1/5300

1/95

1/250

WS181

HELA E1/E2

Infected but resolved

1/2600
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Anti-E2 HV ELISA Titre: 1/ND

50% Neutralisation Titre: 1/300

10

Chimp:

Vaccine:

Outcome

:

Anti-El/E2 ELISA Titre:

Anti-E2 HV ELISA Titre:

50% Neutralisation Titre:

590

Yeast El/BV E2

Infected

1/4300

ND

1/0

15

Chimp:

Vaccine:

Outcome

:

Anti-El/E2 ELISA Titre:

Anti-E2 HV ELISA Titre:

50% Neutralisation Titre:

635

Yeast El/BV E2

Infected

1/2800

1/42

1/0

Figure 6 and the above data show that all chimpanzees that

20 had NOB neutralizing titres of at least 1/600 were protected

from infection, chimpanzees with NOB titres of about 1/300

developed a mild infection and resolved, whereas chimpanzees

with no NOB antibodies were not protected (9).

25 Serial dilutions of sera from chimpanzees vaccinated with

recombinant envelope proteins (9) were tested for their

ability to neutralize binding of E2. In each square is

indicated the envelope proteins used as vaccine, the outcome

of challenge with HCV-1 containing plasma, the ELISA titres

30 against HeLa E1/E2 and the peptide corresponding to the E2-

HVRi, and the 50% neutralization titres calculated as in

Figure 5.
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Figure 6 also shows that ELISA titres to E2-hypervariable

region 1 were comparable in protected versus non-protected

chimpanzees demonstrating that E2-binding neutralizing

antibodies correlate with protection from infection, and

5 that neutralization induced by vaccination does not depend

on antibodies to the HVR1.

In parallel , sera from human infected with a given HCV

genotype can be tested for ability to neutralise binding of

10 envelope proteins from HCV genotypes different from the

infecting genotype.

It will be understood that the invention is described above

by way of example and modifications within the scope and

15 spirit of the invention may be made without the need for

undue experiment or the exercise of inventive ingenuity.
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CLAIMS

1. An assay for measuring the binding of an HCV receptor-

binding ligand to a target cell comprising the step of

5 measuring the binding of an HCV receptor-binding ligand or

a competitive binding analogue thereof to a HCV receptor

target cell.

2. An assay according to claim 1 wherein the assay steps

10 comprise:

i) admixing HCV receptor target cells and a sample to be

tested for the presence of HCV receptor-binding ligand

to permit binding of any HCV receptor-binding ligand

15 with the HCV receptor target cells

ii) removing unbound HCV receptor-binding ligand

iii) admixing with a detectable antibody capable of binding

20 to the HCV receptor-binding ligand to label those HCV

receptor target cells which have bound HCV receptor-

binding ligand, and

iv) detecting the amount of labelled HCV receptor target

25 cells.

3. An assay according to claim 1 wherein the assay steps

comprise:

30 i) admixing HCV receptor target cells, a sample to be

tested for the presence of HCV receptor-binding ligand

and a limiting amount of an HCV receptor-binding

ligand analogue to permit competition for binding to

the HCV receptor target cells,
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ii) removing unbound HCV receptor-binding ligand

iii) admixing with a detectable antibody capable of binding

to the HCV receptor-binding ligand to label those HCV

receptor target cells which have bound HCV receptor-

binding 1 igand , and

iv) detecting the amount of HCV receptor target cells

bound to the HCV receptor-binding ligand analogue.

4. An assay for measuring neutralisation of an HCV

receptor binding ligand arising from the binding of a

neutralising antibody to an HCV receptor binding ligand

comprising the steps of:

i) admixing HCV receptor target cells, a HCV receptor-

binding ligand and a sample to be tested for the

presence of an HCV neutralising antibody

ii) removing unbound HCV receptor-binding ligand,

iii) admixing with a detectable antibody capable of binding

to the HCV receptor-binding ligand to label those HCV

receptor target cells which have bound HCV receptor-

binding ligand, and

iv) detecting the amount of HCV receptor target cells

bound to the HCV receptor-binding ligand.

5. A method for identifying HCV receptor target cells in

a sample of cells comprising the steps of:
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i) admixing the sample of cells and an HCV receptor-

binding ligand to permit binding of any HCV receptor-

binding ligand with any HCV receptor target cells in

the sample

ii) removing unbound HCV receptor-binding ligand

iii) admixing with a detectable antibody capable of binding

to the HCV receptor-binding ligand to label those HCV

receptor target cells which have bound HCV receptor-

binding ligand, and

iv) detecting the amount of labelled HCV receptor target

cells.

6. An assay or method according to any one of the

preceding claims wherein the amount of HCV receptor target

cells bound to the HCV receptor-binding ligand is detected

by flow cytometry.
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